Through several prospective studies, initial high serum TSH and high serum anti-thyroid peroxidase antibody (TPOAb) concentrations in patients with SCH have been accepted as independent predictors of the progression to overt hypothyroidism [5] [6] [7] [8] [9] . However, there have been no randomized clinical trials to provide a definite consensus on treatment guidelines or evaluation methods of SCH.
Decreased echogenicity or irregular heterogeneous echo pattern is a characteristic finding in diffuse thyroid disease (DT) examined with ultrasonography (US). These ultrasonographic features of the thyroid gland have also been demonstrated to be associated with both overt hypothyroidism and SCH status [10] [11] [12] [13] .
Although performing US in patients with SCH is not routinely recommended, we hypothesized that the existence of a DT pattern in US of patients with SCH could have a significant predictive value in de-TPOAb and TgAb statuses. This retrospective study was approved by our Institutional Review Board, and informed consent was not required.
Measurement of thyroid hormones and anti-thyroid autoantibodies
Thyroid function was evaluated using venous blood samples. Serum was isolated from the blood samples, centrifuged immediately, and kept frozen at -70˚C. Serum FT4 and TSH levels were measured by radioimmunoassay (Trinity Biotech, Co. Wicklow, Ireland), as was serum T3 (Diasorin, Saluggia, Italy), TPOAb (Brahms, Hennigsdorf/Berlin, germany), and TgAb (Brahms, Hennigsdorf/Berlin, germany). SCH was defined in this study as serum TSH > 3.1 μIU/mL (normal range 0.4~3.1) with FT4 between 0.73 to 1.95 ng/dL, considering the normal reference value of each radioimmunoassay kit. The existence of TPOAb and/ or TgAb was defined as a serum concentration of each anti-thyroid autoantibody > 60 IU/L.
Ultrasonographic evaluation
Ultrasonographic evaluation of the thyroid gland was performed initially with an HDI 3000 or HDI 5000 system (Philips Medical Systems, Bothell, WA, USA) or an Acuson Sequoia 512 system (Siemens Medical Solutions, Mountain View, CA, USA) for evaluation of the thyroid gland and neck. One of three radiologists with four, six, and ten years of experience in thyroid imaging performed a real time sonographic exam and interpreted the results. Ultrasonographic features of DT were defined using the generally accepted standards of diffuse parenchymal hypoechogenicity or a heterogeneous echo pattern of the thyroid gland [13] [14] [15] (Fig. 1 ). We also reviewed color-flow Doppler examination results for all subjects in order to detect hypervascularity in the thyroid gland. The US results were grouped according to the existence of DT, irrespective of focal thyroid lesion that was not the focus of this study. Furthermore, all subjects were divided into four groups according to the presence of TPOAb or TgAb and DT based on US examination to compare the treatment response in each subject group.
Statistical analysis
Descriptive analyses of all clinical and biochemical termining the prognosis. In this study, we retrospectively analyzed thyroid function test results after low dose levothyroxine replacement in patients with SCH and compared the treatment responses with respect to TPOAb and anti-thyroglobulin antibody (TgAb) status and the existence of DT on US examination.
materials and methods

Subjects
We initially reviewed the medical records of a total of 312 Korean patients with SCH who were referred to our endocrinology clinic from January 2007 to January 2008 for evaluation of abnormally elevated serum TSH levels. All patients subsequently underwent thyroid US with color-flow Doppler initially for the purpose of screening for underlying thyroid disease. All of the subjects continued to have elevated baseline serum TSH levels with normal levels of serum FT4 and T3 on the second hormonal assay measured in the endocrinology laboratory of our hospital upon the initial visit to our clinic. We analyzed echogenicity patterns of thyroid US results and TPOAb and TgAb statuses from all subjects. We excluded subjects who had previous thyroid diseases or definite symptoms of hypothyroidism or large goiter from analyses. We further excluded subjects with increased intra-thyroidal vascularity based on Doppler examination to rule out the possibility of underlying graves' disease, those with any record of medication history that could influence thyroid function, and those with other autoimmune diseases or any serious underlying systemic disease involving major organs, e.g., diabetes mellitus, cardiovascular disease, and pituitary or hypothalamic disorders. Further, all subjects with a history of pregnancy or delivery up to twelve months prior to visiting our clinic were excluded from our analysis. Ultimately, the medical records of 204 patients who were followed up after 6 -12 months (mean 6.94 ± 1.85 months) of low dose levothyroxine (50 μg per day) replacement therapy were reviewed for reassessment of serum TSH concentrations following treatment. Adherence to levothyroxine was verified with verbal self-reports at each follow-up visit. We then evaluated the difference in the proportion of the subjects who maintained elevated serum TSH levels despite levothyroxine replacement in patients grouped by echo pattern on US and by ware package for Windows (Version 12.0; SPSS Inc., Chicago, IL, USA).
results
Baseline characteristics of subjects
Serum TSH concentrations were analyzed from 204 (31 males and 173 females) subjects who were reassessed for thyroid function after levothyroxine replacement over 6 to 12 (mean 6.94 ± 1.85) months. Subjects were divided into four groups based on the presence of neither, either, or both TPOAb and DT on initial examination by laboratory assay and US, respectively. The principal clinical and biochemical characteristics of each group and all 204 patients are presented in Table 1 . The mean values of age, sex ra-parameters are presented as mean ± standard deviation (SD). The baseline characteristics and clinical parameters of each subject group according to US echo pattern and TPOAb or TgAb status were compared and differences between all groups were determined by ANOVA or Pearson's chi-square test. Initial mean serum TSH concentrations and those measured after levothyroxine replacement therapy were compared in each group and also in all subjects using the paired ttest. The proportion of patients in each subject group who maintained an elevated TSH level after levothyroxine replacement was compared using Pearson's chi-square test. We also used Pearson's chi-square test to evaluate differences in the frequencies of sustained TSH elevation according to TgAb positivity and DT on US. All statistical tests were two-tailed and P < 0.05 was considered statistically significant. Statistical data analyses were performed using the SPSS soft- Differences between all four patient groups were statistically significant.
TgAb and US findings and responses to levothyroxine treatment
We further evaluated the correlation of TgAb positivity to the change in serum TSH in response to levothyroxine replacement as well as to the US finding. TgAb was positive in 52 out of 204 patients (25.5%). Followed-up TSH level also showed significant difference among patients groups according to TgAb positivity and US finding while baseline characteristics including mean age, sex ratio, initial T3, FT4, TSH levels and treatment period did not (Table 3 ). We also found that more patients had continued elevated TSH levels after levothyroxine treatment when TgAb and/or DT on US was present, much like that with TPOAb combined with US (Table 4 ).
Positive and negative predictive values
As the initial mean serum TSH concentrations were not different between subject groups, we evaluated the tio, and T3, FT4, and TSH levels at initial presentation were not statistically different between the four subject groups based on TPOAb status or presence of DT on US. Each patient group showed a different prevalence for TgAb, which was higher in the group with positive TPOAb or DT on US. The group with neither of those findings had a very low prevalence of TgAb positivity (5.3%).
TSH concentration after levothyroxine replacement
The mean serum TSH concentration after levothyroxine therapy was found to be significantly lower than the initial serum TSH level in all patient groups and all subjects when analyzed using the data from the 204 subjects who were followed up after levothyroxine treatment (Table 1 ). Furthermore, post-treatment TSH concentration was highest in the group of subjects that initially showed both elevated serum TPOAb and DT on US examination, followed by the groups showing only one of the features in the initial evaluation. It was lowest in the group of patients who had neither of those findings. Interestingly, the mean serum TSH level of the subjects who showed DT on US without serum TPOAb was even higher than that of patients who had positive TPOAb and whose thyroid gland showed normal homogeneous echogenicity.
Change of TSH level after levothyroxine replacement
We examined changes in patterns of serum TSH concentration after levothyroxine replacement in each patient depending on whether TPOAb or DT on US was detected initially. The proportion of patients who maintained elevated serum TSH level despite levothyroxine replacement was compared among subject sustained elevated serum TSH level was also higher than that of TPOAb absence, and even higher than that of an absence of high initial serum TSH level (≥ 10 μIU/mL). TgAb showed a higher PPV for sustained elevation of serum TSH after levothyroxine treatment than did either TPOAb or US finding of DT, but the possible value of US findings with DT for predicting levothyroxine replacement in SCH patients by comparing US with standard predictive factors for SCH prognosis. We calculated the positive (PPV) and negative predictive values (NPV) for DT on initial US, with TPOAb, TgAb, and high TSH level as independent parameters ( Table 5 ). The PPV of DT on initial US examination for constantly elevated TSH after levothyroxine replacement was lower than that of high initial serum TSH concentration (≥ 10 μIU/mL), but higher than the PPV for the presence of TPOAb. Furthermore, DT on US had a better NPV than any of other factors. In other words, if a patient with SCH showed DT on their initial US examination, the PPV of US for sustained elevation of serum TSH after levothyroxine replacement was 48.9%, much higher than the PPV of TPOAb. In addition, the NPV of an initial DT-negative thyroid US in an SCH patient for clinical course of SCH [6, 7] . Levothyroxine therapy for SCH is highly indicated in subjects who test positive for anti-thyroid autoantibody or in patients with sufficiently high serum TSH levels (≥ 10 μIU/mL) [24] . Another supplementary tool for differentiating cases with a higher risk of progression to overt hypothyroidism or predicting treatment effects in SCH is still needed, however, because serum TSH concentrations are rather mildly elevated in most patients with SCH [25] .
While it is well known that decreased echogenicity or an irregular echo pattern on thyroid US represent various forms of autoimmune thyroiditis, and that these findings are closely associated with thyroid dysfunctions including overt and subclinical hypothyroidism [10] [11] [12] [13] 26] , there is no consensus regarding the significance of thyroid US in the prognosis of SCH. Recently, Nys et al. analyzed the results of thyroid US examination in 1,845 cases of SCH, finding that thyroid US could enhance diagnosis for some patients that were negative for thyroid antibodies, allowing detection of autoimmune thyroiditis [27] . Rosario et al. evaluated the three-year natural history of mild SCH in 117 patients and reported that TPOAb-positive patients and patients with negative TPOAb but an US with hypoechogenicity had similar clinical courses, suggesting that US may be a good way to evaluate prognosis in mild SCH [28] .
In this study, we showed that patients with mild SCH and the same mean level of serum TSH concentration had different responses to levothyroxine treatment according to their TPOAb status and thyroid US echo patterns. The follow-up period of our study was shorter than that of other previous studies investigating the natural history of SCH because we focused on the effects of short-term levothyroxine treatment instead of progression to overt hypothyroidism. Accordingly, most of the subjects with sustained elevated TSH level at follow-up did not progress to overt hypothyroidism, but retained a subclinical hypothyroid status despite lowdose levothyroxine replacement. Such patients required a dose escalation of levothyroxine to maintain euthyroid status after the mean follow-up period, and they were considered to have declining thyroid function.
Thyroid US findings compatible to DT displayed a superior predictive value for sustained serum TSH elevation after levothyroxine therapy compared to TPOAb positivity. Further, considering that thyroid US had the highest NPV in our study, normal homogeneous echogenicity on the initial thyroid US in a NPV of no DT on US was still higher than the absence of TgAb.
discussion
While SCH and overt hypothyroidism share almost the same etiology, the clinical symptoms of SCH are vague and signs compatible to hypothyroidism are typically absent [16] . Consequently, diagnosis of SCH is solely dependent on a thyroid function test. After excluding cases with previously existing overt hyper-or hypothyroidism, otherwise healthy patients with SCH merely show incidental laboratory findings of slightly elevated TSH concentrations. Although SCH is a rather benign abnormality compared to other diseases of the thyroid gland, its overall significance in the absence of specific, related symptoms and whether treatment is required remain challenging issues to both physicians and patients in daily clinical practice. Problems regarding the diagnosis and treatment of SCH are becoming even more important as human life expectancies increase, as thyroid dysfunction, including SCH, is found more often in the elderly [2, 8, 9, 17, 18] .
Although there have been no randomized clinical trials assessing the long-term effects of early treatment of SCH until recently, the strategy of levothyroxine replacement for SCH has raised concerns due to the adverse cardiovascular effects of SCH by influencing the lipid profile and endothelial dysfunction of the patient, the possibility of progression to overt hypothyroidism, and maternal hypothyroidism that may have disastrous effects on fetal brain development in pregnant women with SCH [19] [20] [21] [22] [23] . So while the initiation of levothyroxine replacement seems to be supported in most patients with SCH, the necessity for large, controlled clinical trials still exists [3, 17] .
The risk of progression to overt hypothyroidism in SCH patients is known to be higher in patients with underlying thyroid disease [3] . With the exception of patients with a previously documented history of overt thyroid dysfunctions, however, predicting the natural course of the disease and assessing the risk of progression to a more severe status of thyroid dysfunction is not easy in patients with a first-time diagnosis of SCH. The presence of anti-thyroid antibodies such as TPOAb has been used most commonly as a parameter for estimating the existence of underlying autoimmune thyroid disease and for initially predicting the factors for treatment outcome in SCH when used collectively. Further prospective studies are needed to validate the significance of TgAb in SCH.
Because this study has inherent limitations as a retrospective analysis, a more controlled, randomized trial is needed to determine the precise significance of thyroid US in predicting the overall prognosis of SCH. Differences in other clinical factors that influence thyroid function such as iodine intake, for example, could affect the results of our study as confounding factors. We believe that the impact of variable iodine intake was probably minimal in our study, as long as the subjects maintained sufficient iodine levels during treatment periods, which is typical in the average Korean diet. Variable adherence of patients to the recommendation of iodine restriction and actual changes in iodine intake also are possible factors that could influence the levothyroxine treatment effect. Further studies measuring serial urinary iodide excretion in SCH patients during the treatment period would be informative. In addition, we were unable to gather and analyze quantitative and comparative US thyroid size data for all groups, since not all US images contained thyroid size data.
In conclusion, we found that thyroid US in SCH shows a significant predictive value for levothyroxine treatment outcome comparable to other well-known prognostic parameters such as TPOAb positivity or high serum TSH levels. We also validated the possible role of TgAb as a prognostic parameter for SCH. Furthermore, combining the TPOAb or TgAb assay and thyroid US examination during initial evaluation may be a better strategy to guide treatment, especially in patients with SCH showing relatively mild TSH elevation (< 10 μIU/mL). patient with SCH would be a better prognostic factor for the effect of levothyroxine treatment than either TPOAb negativity or mildly elevated TSH (< 10 μIU/ mL). Furthermore, in our study, patients who were both TPOAb positive and showed DT on US were more likely to experience sustained TSH elevation after levothyroxine therapy than were patients with only one finding (TPOAb positivity or DT on thyroid US). In contrast, in the patient group with neither TPOAb positivity nor DT on US, the probability of sustained TSH was lower than that of any other patient group. Thyroid US used in conjunction with the TPOAb assay during the initial work up of a patient with SCH appears to be more helpful than TPOAb alone in the prediction of clinical course and establishment of a treatment plan, especially in cases with mild elevation of serum TSH concentration.
Along with TPOAb, TgAb is an important antithyroid autoantibody detected in the majority of patients with autoimmune thyroid diseases, including Hashimoto's thyroiditis [29] . The function of TgAb in the pathogenesis of autoimmune thyroid diseases is not yet fully understood, and there has been no prospective data evaluating the predictive value of TgAb for the development of overt hypothyroidism in patients with SCH [7] . We found that the outcome of short-term levothyroxine treatment in SCH varied significantly according to TgAb status and US finding, and that TgAb also had relatively high a PPV and NPV for sustained TSH elevation after levothyroxine treatment in SCH. TgAb is known to be associated with the histological diagnosis of Hashimoto's thyroiditis and development of hypothyroidism related to high iodine intake [29] [30] [31] . Accordingly, we proposed that thyroid US and thyroid autoantibodies, including both TPOAb and TgAb, appear to be better predictive references
